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. Introduction. 


Among the many field of Designing and drafting, Pipeline Route Selection and its 
Design and drafting stands out one in which the Designer has great opportunities 
to express his knowledge and use of his skills and utilize the best methods of 
representation. As the basic of any engineering design and Drafting no person 
can be successful if he is not thoroughly familiar with the common rules of 
mechanical drawings and lettering. 


Pipeline Route Map and Alignment sheet preparation requires knowledge of 
drafting because of the use of survey maps and preparation of contour along the 
Right of way (ROW). Since most of the Cross country pipeline route encounter 
large areas and different terrains hence this involve the use of maps, Ariel 

I maginaries, like Google earth , Wikimapia etc . Common practice acceptable in 
one company may differ from that in another, however, the rules of selection of 
pipeline route and preparation of Route Map and Alignment sheets are common. 


The tangible products of an engineering design group are drawings and other 
data for procurement, like Material Take Off, Technical Procurement Specification 
etc. 


Pipeline drafting consumes the major portion of the total design drafting efforts 
for any cross country pipeline projects. Site survey inputs are required for 
pipeline drawing preparation and hence Survey Department and Geological 
information department’s and their information's plays a major roll. Routing 
pipeline through populated area and cities required local authority’s concurrence 
and approval, this can only feasible by approved City Maps which shows existing 
infrastructures and future planning in that area. 


Pipeline Symbols 


For pipeline and its facilities drawings Symbols are the language for the pipeline 
designer. Each symbol taken separately is comparatively simple and easy to 
draw, but it must be remembered that every symbol has a definite meaning as 
has every line. Most of the symbols used in Cross country pipeline drawings are 
same as piping symbols. 


Single line symbols are usually used on small-scale drawings. The purpose for 
which the drawing is to be used determines not only the scale but also the 
completeness of details. Drawings that are used simply to show the processes or 
principles of operation without application to definite structural situations are 
called diagram drawings and lend themselves well to the single line method of 
representation. The single line method of representing piping and symbols is also 
used when the speed of execution is important P & ID and isometric are example 
of this type of drawing. 


On drawings of large scale or when accurate scale and detail are required, a 
double line method of representation is used. In this methods double lines are 
drawn and spaced to represent the scale nominal outside diameter of the pipe. 
Valve symbols used closely resemble the symbols used in single line method 
except that flanges are drawn to scale and face to face dimensions of flanged 
valves represent the actual scaled dimensions of the valve. Also flanged and 
welded fitting are drawn to scale. The pipeline facilities drawings like Pig 
Launcher and Receiving stations, Pressure Reducing stations, metering station 
Flare arrangement, Valve Stations etc will usually an integral part of cross 
country pipeline design 


In the above case single line representation is used up to 300 NB. Pipelines 

above 300 NB are represented by double line method. Since the double line 

drawings are made to scale the designer should have accurate details of the 
dimension of fittings and valves. These are gathered from the standards and 
catalogues. 


Even through the symbols used is intended to represent, the dimensions should 
be accurate enough such that they will represent a true picture of the position, 
the clearance, and the space the part will occupy in the assembly. While 
preparing, the drawings the designer should account the space occupied by the 
gaskets. 


The dimensions for the double line method are marked to the centre line of the 
pipe Flanges and flanged valves are located of the flanges. 


. The Pipeline drawings are now made in the computer by using specialized 
software. AUTOCAD LAND software can be utilized for making Contour and 
Route Map of Pipeline route. AUTO CAD can be used for making all pipeline 
related drawings. 


. The second step is to lay out the symbols of the fittings and pipeline in the 
correct locations and in their correct sizes and proportions. After that the valves 
shall be located. In the absence of a standard symbol the part in the question 
should be outlined to resemble the appearance of the part of machine and be 
accompanied by an explanatory note. 


Piping Symbols 
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3. 


Procedure for Drafting. 


3.1 The drawings sheet sizes shall be any of the following: 


3.2 


3.3 


3.4 


3.5 


200 


Al:- 840x594 mm 
A2:- 594 x 420 mm 
A3:- 420 x 297 mm 
A4:- 297x 210 mm 


AO drawings shall be prepared only in exceptional cases. Non standard 
drawing sizes shall not be selected. All drawings shall be made on quality 
paper. The individual in charge shall allot drawing numbers in consultation 
with Document controller and it shall conform to the standards adopted in the 
organization. 


All Pipeline drawings shall be made in computer using AUTOCAD latest version 
available in the company or based on client requirements. The software used 
shall be approved software from company and from client/ customer. 


To the extend possible drawings shall be drawn to standard scales only. And 
the scale shall be indicated in the drawing. Extended dimension lines with 
arrows shall be used for dimensioning. Dimensioning text shall be always 
forward reading type. The dimension text shall be placed outside the 
dimension extension line when the place inside the dimension line is not 
enough. 


Lettering shall be selected in proportion to the drawing size. Usually it varies 
in the range 2 mm to 3 mm. 


4. Pipeline Drawings 


4.1 


4.2 


The pipeline Designer must be able not only to draw a Cross country pipeline 
system but also to understand the operating principles. He should be able to 
analyze the pipeline facilities into easily understood alignment sheets. All the 
details along the pipeline route shall be included. 


The pipeline drawings generated for a cross country pipeline project usually 
are Overall Pipeline Route Map, Plot Plan of Pigging Stations, Valve Stations, 
Flare facilities. Pumping Stations, and mainly Pipeline Alignment Sheets. 
Pipeline Typical drawings and Support drawings shall be prepared as per the 
requirements based on site conditions. 


5. Pipeline Design. 


5.1. Pipeline Design Codes. 

The codes for pressure piping ANSI B 31 consist of a number of sections, 
which collectively constitute the code. The sections are published as separate 
documents for simplicity and convenience. Code prescribes the minimum 
requirements for the materials, design, fabrication, assembly, support, 
erection, examination, inspection and testing of piping system subject to 
pressure or vacuum. This sets forth the engineering requirements deemed 
necessary for the safe design and construction of a piping system. 


Standard Description Contents 
ASME B 31.1 | Power piping All Piping in Steam Generating Plants 
ASME B 31.3 | Chemical Plant and For all piping within the Battery Limits of 


Petroleum Refinery Piping | facilities engaged in the processing of related 
products unless specifically excluded by the 
code. 


ASME B 31.4 | Liquid Transportation For Liquid crude or refined product in cross- 
system for Hydrocarbons, | country pipeline. 

Liquid Petroleum Gas, 
Anhydrous Ammonia and 


Alcohol 
ASME B 31.5 | Refrigeration Piping Refrigeration in packaged units and commercial 
public buildings. 
ASME B 31.8 | Gas Transportation and Gases in cross country pipelines as well as for 
Distribution system. city Gas distribution through pipeline. 


5.2 In any country they have their won Bureau of Standards. For procuring 
piping items and accessories indigenously, like gaskets, bolts & nuts, 
emergency shower etc, we usually follows ANSI & API standards and have 
established dimensional standard for the most widely used piping 
components. We procure materials from different parts of the world, for 
uniformity in standards, we normally indicate American Standards for flanges, 
valves, fitting etc. 

5.3 In the pipeline Design we use the following Codes, 

(1.) ASME B 31.4, Liquid Transportation system for Hydrocarbons, 

Liquid Petroleum Gas, Anhydrous Ammonia and Alcohol is used for 

Liquid Crude or Refined product in Cross-Country Pipeline. 

(2) ASME B 31.8, for Gas Transportation and Distribution system is 

used for Cross-Country Pipeline for Gases and also for City Gas Distribution 

through pipeline network. 

(3) AWWA- American water work association Codes and Standards are being 
used for designing Water pipeline and water distribution. 

This is section we are emphasizing only on ASME B 31.4 & ASME B 31.8 only. 


5.4 


5.5 


6. 


6.1 


The Rail crossing and all major Highway crossing shall be designed based on 
the following Code:- AP/ 1102 , for Steel Pipeline Crossing Rail roads 
and Highways. 


Crude oil and other petroleum products pipeline which required NACE 
compliance shall be designed based on NACE RP 0169 for Control of 
External Corrosion on Underground or Submerged Metallic Piping 
System. 


I mportance of Pipeline Design. 


The principal objective of pipeline design is to select the pipeline dimensions 
and route and its methods of fabrication, installation and protection so that it 
can transport the specified production requirement at an acceptable level of 
risk whilst incurring minimum life cycle costs. 


a. A designer can proceed with confidence in the design of a Cross-Country 
Pipeline system by specifying standardized piping and accessories, 
modern welding practices and a wide assortment of valves & fittings for 
all types of operating conditions. Technical advances and reliable rating 
procedures have eliminated the dangers of failure in piping systems, and 
standard dimensions permit in selecting the best and most economical 
offerings of a number of manufactures for combining into single system. 


b. Pipeline engineering process must consider the constrains imposed on the 
pipeline design by nature of the following 


Environmental Factors which, could affect the integrity and 


Stability of the pipeline during its economical life. 


Constructional Equipment required, for fabrication and 


installation specification for pipeline, steel 
welding, etc 


Operational & Maintenance | Need for maintenance and possible repair 
Design Method of analysis, route guidelines, regulatory 


statutory requirement and codes allowable 
stresses, economic considerations, etc. 


c. The pipeline designer has to gather data and information to define them 
at the outset. A logical balancing of the constraints has to be done to 
yield an optimum design. Transportation and storage of fluids (Gases and 
Liquids) involves the understanding of the properties and behavior of 
fluids. 


d. Mechanical elements suitable for joining or assembly into pressure tight 
fluid containing piping systems are called piping components. 
Components include pipe, tubing, fittings, flanges, valves, gaskets, 


6.2 


6.3 


7. 


7.1 


7.2 


7.3 


bolting and devices such as expansion joints, flexible joints, pressure 
hoses, traps, strainers, in line portions of instruments and separators. Any 
material or work required to plan and install a piping system is a piping 
element. Elements of piping include design specifications, materials, 
components, supports, fabrication, examination, inspection and testing. 
Piping installations are designated piping systems to which a selected 
code edition and addenda apply. Inter connected piping subject to the 
same set or sets of design conditions are named as piping system. 


Pipeline Engineering encompasses the following activities. 


Pipeline Design 

Pipeline MTO 

Piping Material Control 
Insulation and Painting 
Pipeline Installation/ Erection. 


ponov 


The pipeline design is based on the P&ID. It depicts the process as conceived 
by the chemical / Process Engineers. The equipment needed to transport 
safely and cost effectively the desired product has been indentified and flow 
through pipeline from one place to another place has been indicated 
schematically. The equipment required and line numbers are obtained from 
the P&ID. The instrument information to be initiated in the pipeline drawings 
are given in the P & ID. All connections to equipment are shown are indicated 
in the P&ID. All standard process and service valves accompanied by their 
identifying tag numbers shall be shown. All instrumentation - Control Valves 
Shall be indicated in the P & ID. 


Pipeline Stress Analysis. 


Pipeline Systems shall have sufficient flexibility to prevent thermal expansion 
or contraction or movements of pipeline and terminals from causing, 
a. Failure of pipeline and connected equipment and its supports from 
overstress or fatigue 
. Leakage at joints: or 
c. Detrimental stresses or distortion in pipeline and valves or in connected 
equipment, resulting from excessive thrusts and moment in pipeline. 


The three conditions, which cause significant stresses in pipeline, are 

a. Internal or external pressure (Sustained Loads) 

b. External loads, caused by mass of pipeline and its soil cover or dynamic 
loads earthquake.( Occasional Loads) 


c. Thermal expansion of pipe (Thermal Loads) 


The competent pipeline designer will make any effort to provide adequate 
flexibility in his pipeline using the minimum number of fittings. A hot fluid 
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handling pipeline system will expand or elongate. A cold fluid handling 
pipeline system will contract or shrink. Both these actions can create stress 
problems. Before designing the pipeline system, the designer must know the 
allowable forces for the particular metal at the design temperature and 
pressure conditions. 


7.4 Care should be taken not to overload the nozzles of equipment. NEMA and 
API publish standards for various types of equipment. Manufacturer should 
be contacted for this information since some of them use a multiplier for the 
NEMA and API values. 


7.5... The norms for identifying the pipelines for stress analysis are listed usually on 
Client specification or to be referred Codes for Flexibility Analysis. Stress 
analysis are conducted using software program like Ceaser II , CaePipe, ADL 
pipe , Trifles, etc. Here we Caser-II|. Based on the reports, we use Anchor 
points or Virtual Anchoring method to arrest possible moments/force in the 
UG pipeline. And in the above ground (A/G) pipelines, Expansion loops, 
Bellows , Anchoring points, etc shall be used. 


7.6 If stresses produced by expansion are not reduced by changes in direction or 
elevation, expansion loops shall be provided. Such loops shall be fabricated 
from welded fittings. Cold springing shall not be used. 


7.7 The requirements for flexibility in a pipeline system are, that the computed 
stress range at any point due to displacements in the system shall not exceed 
the allowable stress range, that the reaction forces shall not be detrimental 
to supports or connected equipment, and that the computed movement of 
the pipeline shall be within any prescribed limits and properly accounted for 
in the flexibility calculations. 


J ointing of Pipes 


8.1 The ideal pipe joint is free from changes in any dimension of the flow passage 
or direction of flow, which would increase pressure drop or prevent complete 
drainage. It is free from crevices in which corrosion might be accelerated and it 
would require a minimum amount of labour to disassemble. Frequency of 
disassembling is crucial when deciding the type of joining. The different types 
of jointing are listed below. 
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Welded J oints 


The most widely used joint in piping system is the butt weld. Joint 
strength of butt welded joints are equal to the original pipe. 


Socket Welding 


This type of joint is mainly used for 2” and smaller pipes. For some 
fluids, the crevice between the pipe and the socket may promote 
corrosion. 


Threaded Joints 


Principal use is for pipe size 2 Inches and smaller for metals, in 
which, the most economically produced walls are thick enough, to 
withstand considerable pressure and corrosion after reduction in 
thickness due to threading, Pipe dope, a filler material, is required 
to prevent spiral leakage. Some times seal welding is used for 
proper seal as in vents and drains given for hydro testing in process 
lines which are seal welded after testing. 


Union J oints 


To assist in the assembly and disassembly of both threaded and 
welded system union joints are used. 


Flanged J oints 


For sizes greater than 2 Inches where disassembly is contemplated 
the flanged joint is the most widely used. 


Packed gland J oints 


Poured Joints 


Used widely in underground lines. Any axial movement will result in 
leaks. 
They are used in brittle materials 


Push on Joints 


They are used for brittle materials 


Expanded J oints 


Confined to smaller sizes of ductile pipes. 


Grooved J oints 


Further divided into cut grooves and rolled grooves. Grooved joints 
tends to resist axial forces tending to separate the joints. 


8.2 


8.3 


9,1 


There are various other types of joints, which are common use and these are 


listed below. 


Fzemnpoamow 


Seal Ring Joints 
Pressure Seal J oints 
Flatted Fittings J oints 
Compressed Fitting J oint 
Bite Type Fitting J oints 
Ring Seal J oints 
Soldered J oints 

Silver Brazed J oint. 


Welding neck flanges provide joints as strong as the pipe under all types of 
static and cyclic loading. Slip-on, socket weld and lap joint flanges provide 
joints as strong as the pipe for static loading, but have lower resistance to 


cyclic stresses. 


Pipeline Material Specifications 


The selection of pipeline materials ine any given application should follow the 
recommendations of the respective applicable codes, dimensional standards 
and established material specifications. However the Designer/ Engineer must 
take into consideration the service requirements and consider the effects of 
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9.2 


9.3 


9.4 


10.2 


10.3 


conditions such as corrosion, scaling, thermal or mechanical fatigue, creep, 
notch toughness and metallurgical instability at elevated temperatures also. 


Considerations to be evaluated while selecting the appropriate Pipeline 
materials are : 

Possible exposure to fire with respect to the loss of strength, degradation 
temperature, melting point or combustibility of the pipe or support material. 
Suitability of the material for service throughout the operating temperature 
range. 

Susceptibility of the pipe to brittle failure, possibly resulting in fragmentation 
hazards or failure from thermal shock then exposed to fire or fire fighting 
measures. 

Susceptibility of the piping material to crevices corrosion in stagnant confined 
areas (Screwed joints) or adverse electrolytic effects if metal to contact with 
dissimilar metal. 

The suitability of packing seals, gaskets and lubricants or sealant used on 
threads as well compatibility with the fluid handled. 

The refrigeration effect due to sudden loss of pressure on volatile fluid in 
determining the lowest expected service temperature. 


The pipeline specifications are prepared jointly by piping and processes 
departments. Process department lists the fluid handled its design 
temperature and pressure conditions and finalizes the material to be used. 
Fluids with the same rating and material specifications are consolidated 
together. Piping department then finalizes the pipe thickness, and other 
piping details like standards for valve fittings, gaskets, bolt & Nuts etc. The 
specification is identified in the number line. The line numbers are given by 
process department and identified in the Piping and Instrumentation Diagram 
(P& ID). 


Any material used in pipeline components shall conform to a listed 
specification in AMSE B 13.4. Materials of unknown specification shall not be 
used. 


Selection of Line Pipe 


Pipe and tube are both tubular products, but the terms as used commercially 
have more specific meanings. 


Pipe is a term limited to tubular products, which conform to certain standard 
outside diameters, knows as iron pipe sizes. Tubular products produced in 
accordance with the sizes given in ASME and API (American Petroleum Institute) 
or any other similar standards are called pipe. The common standards in use are 
ASME B 36.10 for welded and seamless wrought steel pipe. API 5 L for 
specification for line pipe as per API and ASME B 36.19 for stainless steel pipe. 


The outside diameter of any given nominal size of pipe is the same for all 
weights in that size. The sizes in MM or inches are called Nominal Size OR 
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10.4 


10.5 


10.6 


10.7 


Nominal Bore. A pipe with 10 “ diameter is referred to as a pipe of 10” Nominal 
size or 250 NB pipe. The outside diameter of any given nominal size of pipe is 
the same for weight in that size. The inside diameter varies according to the pipe 
thickness. 


The pipe thickness is often referred to in schedules. The terms, standard, extra 
strong and double extra strong were in use earlier. In large pipes, the wall 
thickness is referred to, for describing the pipe thickness. For smaller sizes, the 
schedules are mentioned for describing the thickness. 


All other tubes not produced in standard pipe sizes are called tubes or tubing. 
Sizes are designated by outside diameter and each size is offered in variety of 
inside diameters. Tubing is made to either outside or inside diameters or even 
inches or fraction of an inch with specified wall thickness. 


The major variable in pipe selections are:- 


a. Temperature 

b. Pressure 

c. Corrosive influences 
d. Cost. 


We calculate the thickness of the pipe based on the standards used for piping 
design. For Cross country pipeline the equation given in B31.4. Pipe wall 
thickness can be computed using Maximum Stress value is obtained for deign 
temperature from the table given in B 31.4 / B 31.8 as the case may be. 


The internal pressure design wall thickness (t) of steel pipe with outside 
diameter D in accordance with ASME B31.8 para 841.11 = 


Where: 


Pix D mm 


2XSXFXEXT 


t = Minimum pipe wall thickness in mm 
tn = Required nominal wall thickness. 

Pi = Maximum internal pressure in barg 
D = Outside Diameter of pipe in mm 


S = Specified minimum yield strength of material 
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E = A quality factor for longitudinal weld joint in pipes (J oint efficiently) 


F = Design Factor. 


T = Temperature Derating factor 


And 


The internal pressure design wall thickness (t) of steel pipe with outside 
diameter D in accordance with ASME B31.4 para 404.1.1 = 
Straight Pipe under Internal Pressure 


The essential data may be enumerated as follows: 


e The MAOP (Maximum Allowable Operating Pressure) of the line was 
calculated according to the ASME B 31.4, American Code for Pressure 
Piping, Edition, 2002 for Straight Pipe under Internal Pressure with a 
factor of 1.389. 


e The MAOP of the line can be exceeded by thickness “t” of steel pipe was 
calculated by the following equation (see ASME B31.4-2004, pt. 404.1.2, 


page 14): 
t = PiXDo (mm) S = 0.72 X E X SMYS (MPa). 
2XS. 
t. = Pressure Design wall thickness in (mm) 
P = Internal design gauge pressure in (bar) 


Do, = Outside diameter in (mm) 
S = Applicable allowable stress value (MPa). 
0.72 = Design Factor = 1/ 1.389 (1.389 = safety factor). 
E = Weld joint factor 
SMYS = Specified minimum yield strength of the pipe (MPa). 


Maximum allowable operating pressure (MAOP) for the main line 


11. Corrosion Protection of Pipeline system. 


11.1 External Protective Coatings 


To prevent and minimize external corrosion of the pipeline a suitable external 
coating shall be provided for the buried pipeline. The external corrosion rate of 
the buried pipeline made from carbon steel material depends mainly on the 
following factors: 
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e The nature of the soil 
e Soil Resistivity 


e The presence of, or close proximity of the water table (sabkha soil) 
to the pipeline. 


e The chemistry and reactivity of the local soil including pH, chloride 
content etc 


e The heterogeneity or the variety of soil and / or substances in direct 
contact with the pipe. 


The resistivity of the soil measured when the pipeline is being laid may change 
over time due to: 


e Properties of the backfill material (settling, cohesion, aeration, 
drainage) 


e Climatic conditions 
e Agricultural or industrial pollution. 


These factors can considerably change the original analysis. Based on the 
above consideration it is important to select an adequate and well proven 
passive protection coating for external protection. 


11.2 HDPE Coating 


A three layer HDPE coating system provides high mechanical resistance, 
combined with corrosion protection properties that maintain coating integrity in 
critical soil under extreme laying conditions. Operating temperatures range 
from a low as -40°C to 80°C 


During the factory process the first layer of coating applied on the specially 
prepared steel surface is made from fusion bonded epoxy primer (FBE). The 
second layer is a copolymer adhesive, applied by a side extrusion process or 
spray applied immediately after the FBE application. The top layer (final layer) 
consists of high density polyethylene for the specific temperature range. 


During the coating assessment the main point to be considered is the 
mechanical resistance properties of the HDPE coating with respect to: 


e pipe handling 

e transportation 

e pipe laying 

e long service life expectancy 

e cathodic protection behaviour 


e long term electrical resistance and low water permeability under 
cathodic protection 


The coating resistance to saltwater and aggressive soil conditions is of critical 
importance when pipes are to be laid in proximity of the sea. 
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The area of the "field weld joint” is recommended to be protected by heat 
shrink sleeves of comparable quality. 


Bituminous Coating 


Bituminous coating was also a consideration but is very sensitive to high 
temperatures. If the coating is applied in the pipe mill, the coated pipes may be 
exposed to high surface temperatures due to solar radiation during pipe 
transportation and interim storage. 


At high temperature bitumen becomes very soft and may melt. Prefabricated 
bituminous coating is therefore not recommended. If the pipeline is laid 
according to the common pipeline technique (welding outside the trench and 
lowering inside) a bituminous coating can be applied by special wrapping 
machine during the lowering process. How ever during handling of pipeline 
there is chance of damage to the bitumen coating compared with PE coating. 


Fusion Bonded Epoxy (FBE) Coated 


Shop applied fusion bonded epoxy coating system was also considered as it is 
extensively used internally and externally for corrosion protection. Damage to 
the pipe can be caused during transportation and laying. Experience has show 
that in the long term no cost savings can be achieved by FBE thin layer coating 
systems. Damage not detected or not repaired during pipe construction may 
result in high expenditure during the lifetime of the pipeline. However, in the 
engineering stage a cost performance evaluation shall be undertaken in 
comparison with a three layer HDPE. 


12. Cathodic Protection Systems. 


12.1 


Impressed current cathodic protection (ICCP) system are typically installed to 
prevent corrosion of metal underground pipeline systems and storage tanks. 
Corrosion of metal pipes and tanks is a normal, natural processes that is the 
result of an electrochemical reaction in which the current flows from areas 
where corrosion is occurring (anodic areas), to areas where it is not cathodic 
areas). A cathodic protection system reverses the process. With an impresses 
current system, current is discharged from special anodes in the same 
electrolyte (Soil) in which the pipeline to be protected are buried. The ICCP 
system requires the installation of an external power supply, which produces a 
DC output, Galvanic or sacrificial anode type cathodic protection system 
perform the same function except they use naturally occurring galvanic current 
instead of current derived from a separate supply of electricity. 


Cathodic protection systems cannot protect anything while they are not 
working. Every time a cathodic protection area goes down, corrosion has a 
window of opportunity to eat away at the piping. If that window stays open for 
weeks or even months at a time, the level of destruction can be significant. 
Monitoring systems are now available which lets you continuously monitor 
rectifier voltage and current. Pipe to soil, bond, and stray current measurement 
at rectifier sites, anode beds and test stations throughout a system. 
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13. Conceptual Pipeline Route Map. 
13.1 Route Selection. 


The purpose of the Route Selection is to summarize the results of the 
conducted route selection process including field/ site visits / observations from 
the point of Source / Pumping facility to the Delivery point by a team. 


The methodology to establish the optimum pipeline route is as follows. 
e Overall Capital Expenditures 
e Constructability 
e Ease of maintenance / monitoring and maintenance cost. 


e Prevention of constraints and conflicts with existing and future 
infrastructures and features 


The route selection study was planned and performed in adherence to the 
following project steps. 


e Data collection Route inspection 
e Route inspection 
e Desktop study 


13.2 Route corridor definition Referenced Document. 


Updated information is available in Google Earth mapping through internet. 


The pipeline corridor as-built drawings are available in Hard copy for reference 
from Government authority such as Geographical Department, Municipalities, 
Town planning office etc. 


13.3 General route selection practices 


The Route Selection of Pipeline was generally being done under the following 
overall considerations: 


a) The Fuel handed by pipeline will designate the selection of applicable 
codes. Generally the Pipeline codes used are ASME B 31.4. ASME B 31.8 
in oil and gas industry. 


b) The transport medium’s physical and chemical property like viscous 
liquid, Inflammable at elevated temperatures or not, Toxicity of the fluid 
etc. 


c) The pipeline shall be usually installed below ground and backfilled. 


d) Identification of crossing location of channels, storm water drains, roads 
and national highways and approximate width of crossings. 
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e) Identification of areas, which may pose problems during construction of 
pipeline. 


13.4 Desktop Study 


The Desk top Study is the preliminary study which has been carried out during 
the selection of cross country pipeline route. This has been done from your own 
desktop computer by the utilizing the available data from the GOOGLE EARTH or 
WIKEMAPIA from the websites. 


The location of the required pipeline facilities will be identified from the satellite 
imaginaries. Then pipe line will be route through with the available information’s. 
Usually three or four optimum pipeline route option will be marked in the 
Satellite imaginary. Approximate Co-ordinate can be obtain from GOOGLE Earth 
by clicking the relevant option. By this method a Preliminary Pipeline Route can 
be made with out doing a detail survey. 


On the clients acceptance of one of the proposed options the same route can be 
subjected to detail survey for making detailed pipeline Route Map. 


13.5 Sample Satellite Imaginary 
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Preferred Pipeline Route 


Figure 1 


13.5 Constraints and Interactions and Risk 
13.5.1 Constraint 


A constraint is defined as a condition that has the potential to interact with the 
pipeline and its facilities. This interaction is directed from the environment to 
the pipeline and its facilities or from the pipeline and its facilities to the 
environment. 


The potential interaction between the pipeline and the environment has to be 
determined with regard to the main characteristics of a pipeline transportation 
system. 


The identification of relevant constraints is performed as a part of the risk 
management exercise. 
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14. 


13.5.2 Interaction 


An interaction is an action that occurs when two or more objects (or conditions) 
have an effect on each other. 


For the identification of interactions the direction of the interaction is important. 
In any cross country pipeline project. Usually we have interaction from the 
environment to the pipeline and facilities and in reverse interaction from the 
pipeline and facilities on the environment. 


Risk Management 


Risk Management is defined as a systematic process of identifying, analysing 
and responding to project risk, including the maximization of positive events 
(opportunities) and the minimisation of adverse events with regard to the 
project objectives. 


Four key elements for Risk Assessment for pipeline project are: 


(1) Identify the Risk 
(2) Quantify the Risk 
(3) Manage the Risk 
(4) Monitor the Risk 


15. Presentation of Overall Pipeline Route Map. 


15.1 


These drawings serve as reference for following: 


a. Start point and End point of the pipeline Corridor 
b. Location of all facilities, and all crossing such as:- 
1. Asphalt Road crossings 

2. Rig Road crossings 

3. Gatch road crossing 

4. Electrical over head line crossings 

5. Underground electrical cable crossing 
6. FOC Cable crossing 

7. underground Pipeline crossing 

8. Culvert crossings 

9. River crossings 

10. Stream/ Nala crossings 


c. Pigging facilities coming along/ in the ROW, such as Valve station, Flare and 
Equipment etc 

d. Construction of any civil work such as Pits, foundation if any in the ROW. 

e. Serves as a master document for various engineering department to proceed 
with detailed engineering activities. 

f. The following input data are required to prepare the Overall pipeline Rout 
Map. They are listed below. 


21 


15.2 Plotting of Contour and mapping of the pipeline route and absolute elevation 
from mean sea level. 

The 

a. Detail Survey map of ROW. 

b. Equipment list & Data sheets 

a. Preliminary equipment details / Drawings 

b. Preliminary civil drawings for buildings & Structures if any. 

c. Preliminary layouts of the following, where ever required 

d. Pump House dimensions. 

e. Pigging facilities, Valve Station location, well pads, etc. 

f. Specific requirement from client, if any 

16. Presentation of Alignment Sheets. 
16.1 General 
a. | Standard A3 size sheets shall be used for Alignment Sheets 
b. The Alignment Sheets can be drawn in the scale of 1:2500 or maximum 
one kilometer pipeline can be shown in one alignment sheet. Also for 
special cases scale shall be decided depending on the area to be 
covered. 
c. Legend shall be drawn on the right hand side of the sheet 
d. North direction shall be marked on the top-right corner. 
e. Direction of North shall be same for all Alignment Sheets drawings in a 

project. 

f. Match Line in Kilometer shall be indicated with co-ordinate on both end 
of the alignment sheets. Each match line shall be accompanies by 
CONTINUES ON DRAWING (COD) number. 

g. Wherever required, information note to a department shall be given in 
a box under note “ NOTE TO... DEPARTMENT “ in the details sheet and 
the serial number marked on the planning with a prefix to represent C- 
Civil, V- Pressure vessels , M-Mechanical, etc. 

h. The number of the Route Map will depend on the length of ROW or the 


Area of the field under development and the extend of detailing 
required to take care. The number of detail sheets required to cover the 
complete detailing of the ROW represented in the Alignment Sheets and 
will depend on the volume of data in the Alignment Sheets, the 
complexity of the pipeline route / number of Crossing, the number of 
Pipeline Facilities ,the volume of information notes to other 
departments, etc. 
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16.2 Sample Alignment Sheet for Feed & Detail Engineering 


DOWSTABAN PIPELINE FEC: HINES 
TAWCELA TO OLOA GAG P 
CONSTIAIN™ HAP oA 


KOL 
EET ME 


RAINE H 


TF] ILF Centuling Erginaore-Abu Drebi 
maa Engberg, Pejal Wiarmpervonl wn Indgarbe 


DCWNSTPEAN PPEUNE “eC LICS 
TIFTAH TD CIDFA GAS? FFIIMF 
STRI NA? 4 
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17. Civil Details. 


ROW width, Trenching Details, centre lines of ROW, Crossing details 
etc shall be marked in the Overall Pipeline Route Map. 

Rainwater diversion in ROW, Berm, Culvert, Animal crossing, (Camel 
Crossing, Bear Crossing) if any, is to indicated in the Alignment 
sheets/ Overall Route Map. 

Fore preparing and checking of Overall pipeline Route Map drawings 
there shall be a clear idea about the terrain and Crossings along the 
ROW. 

Location & size of Valve Stations, Flare Stations, Pressure Reducing 
stations shall be separately shown as Piping Plot Plan if required. 
Indicate the load to be taken by the pipe supports near to the Pig 
Launcher/ Receiver where pipeline coming above ground has to be 
designed by civil department. 

Stress analysis has to be carried out for each U/G pipeline and the 
moments and Force on pipeline shall provided to Civil department and 
Civil has to design Anchor Block to arrest/ restrain Moments and 
Force in the pipeline. 


18.Structural 


Fo 


Indicate all the Valve Station platform & Operating platforms if any. 
Indicate T.O.S (Top of Steel) elevation for all platforms if any. 
Locate the corners of the platforms for rectangular / square type 
platforms. 
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d. Ladders for Valve Pits / platforms shall located by specifying itsr 

orientation. Also specify the starting & ending elevations. 

Cage shall be provided for ladders having height more than 2.5 meters. 

The minimum size for operating platform shall be one meter square. 

g. Provide necessary cross over platforms when a passage is required over 
A/G Pipeline the lines which have T.O.P (Top of pipe) elevation more 
than 500 mm and over head clearance is not available. 

h. Accessibility to Valve Pits/ Stations shall be provided. 

i. Orientation of ladders shall be indicated. 


m o 


19. Pipeline Supports. 


a. Pipeline supports need not be indicated on Alignment sheets/ Pipeline 
Route Map drawings, but the location and loading shall be indicated in 
the case of supports and provided to Civil for design and this shall be 
provided in a separate Drawings (if required.) 


20. Instrumentation 
20.1 General. 


a. Indicate all the instruments shown in the P & ID which are to installed 
on equipment and lines. 

b. Mark the location, size, rating and tag number of each on-line 
instrument. 

c. The symbols representation for instruments shall be as per standard 
for the project. The symbols shall be drawing to scale as per the 
dimensions indicated by the vendor drawings. 

d. The location of instruments’ shall be such that the connections and 
indicating dials will not blocked the passage ways and ladders. 


20.2 Pressure Instruments. 


a. Pressure connection for single and differential pressure instruments 
consists of a 2” and below valve, which shall be gate valves or globe 
valves or ball valve as indicated in the P & ID. The end connection 
shall be as per piping specification. 

b. The pressure gauge should be in the vertical upright position. 

c. Pressure connection in a control loop (CP, PRC, PRCa . etc) shall be 
located at least 6 pipe diameters downstream from sources of flow 

disturbances (control valves, manual valves etc.) or based on Vendor 
recommendations. The location should be checked & confirmed by 
instrumentation group also. 


20.3 Flow Instruments. 


a. Usually Flow elements is envisaged in pipeline metering facilities and 
is not in pipeline scope of work. If it is envisaged in P& ID’s it shall 
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be located properly to achieve the straight run, accessibility and 
maintenance requirements. 

b. Straight run for orifice flanged shall be as per standard for the 
project. 

c. The flow through a rotameter shall be in the upward direction. 


20.4 Level Instruments 


a. Location & arrangement of level instruments must be such that 
they are readily visible & accessible from grade or platforms. 

b. Orientation and Location of transmitters for level control system 
should be such that they do not obstruct the passage. 


20.5 Control Valves. 


a. For A/G pipeline the Location and arrangement of control valve 
must be such that they do not obstruct passage accessibility to 
the near by areas. 

. Control valves shall be located only in grade or in a platforms. 

c. Control valve station shall be arranged such that they do not 
obstruct passage accessibility to the near by areas. 

d. Minimum elevation of the bottom of control valves shall be 500 
mm from grade platform. 


20.6 Analyzer 


a. Tapping from the line and connection up to first isolation valve 
of the analyzer to be detailed in the planning drawing. 

b. In cases there is an analyzer room, the taping line shall be 
extended up to the analyzer room. 


20.7 Temperature Instruments. 


a. Tapping for temperature connections shall be in the vertical 
position or horizontal position. It is preferred to locate the 
temperature instruments in the vertical position and take tapping 
from top of the line. 

b. Temperature connections must not be located where false 
readings can result from fluids impingements on the thermo-well 
other than process fluids, eg. Flushing oil, aeration steam. The 
connection must be up stream of the injection point of these 
medium. 

c. Where separate wells are installed adjacent to each other for a 
temperature control (TRC) and temperature indicator (TI) the 
controller connection shall be located upstream, to prevent 
irregular operation of control valves as a possible result of 
turbulence in the line. 


26 


d. The location of temperature connections pipeline shall be such 
that proper clearances are maintained for the insertion and 
removal of temperature elements and wells. 

e. Dial thermometer are to be located where the dial may be easily 
read form the grade or operational platform. 


f. The size of tapping nozzle for the temperature instrument shall be 


of 2” minimum or as per client specification and end connection 
Shall be as per client specifications. 


21. Dimensioning 


The dimensioning of Overall Pipeline Route Map shall confirm to the 
following requirements: 

Pipeline Route Map /Alignments Sheets shall dimensioned , 
horizontally by co-ordinates or by length. 

Duplication in dimensioning shall be avoided. 

Instruments to be located to the centerline for pressure instruments, 
temperature instruments & flow orifice and to the face of flange for 
rotameter & flanged Control Valves 

Valves in the Valve Pit shall be located by the elevation of the 
Pipeline Centre line or the Bottom of Support elevation. 
Rectangular / square platforms shall be dimensioned by co-ordinates 
or by length. 


22. Issue of Overall Pipeline Route Map 


22.1 


22.2 


After review and signed off by the Lead Engineer the Pipeline Route drawing 
shall be released internally to the following departments. 


JOro 


Mechanical 
Electrical 
Instrumentation 


Process 
Project 

QA / QC 
HSE. 


Accepted comments and suggestions made by other departments during 
Design Review shall be incorporated in the Pipeline Route Map drawing. After 
incorporation of design review comments, the following departments shall 
sign the Pipeline Route Map Drawings. 


ongoy 


Mechanical 

Pressure vessels. Package & combustion equipments 
Electrical 

Instrumentation 
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e. Civil 


f. 


Process 


22.3 If any change / alteration is be to made in the Overall Pipeline Route Map 
after sign-off, it shall be done along with the concurrence of the remaining 
departments. All correspondences related to comments on the Pipeline Route 
Map commented copies of the drawings shall be filed in a separate file for 
each area. 


23. Guideline for the Preparation of Pipeline Alignment sheets. 


1) 

2) 
a. 
b. 
Ç; 
d. 
e. 
f. 
g. 
h. 
i. 
j. 
k. 


Alignment sheets of the pipelines are prepared to further detail the 
pipeline route. This detailing is required for the easiness in fabrication 
laying/ lowering of pipeline at site. 

The following data are required to prepare an Pipeline Alignment 

Sheets. 

Overall Pipeline Route Map. 

Survey Details. 

Line Schedule 

Piping Specification 

Piping & Instrumentation Diagram 

Vendor drawings for Instruments 

Coating & Wrapping Specification for the project 

Standards for Symbols & Bill of materials. 

Standard Specifications:- Typical Drawings of all River Crossing, Road 
Crossings, Cable crossing, U/G & A/G pipeline Drawings, Over head cable 
crossing, FOC cable crossings, standards & Connecting details of the 
instruments to measure flow, pressure, temperature & level. 

General arrangement of control valve stations, Electrical Or Steam tracing 
assembly, expansion loop, utility stations etc. 

Dimensions of valves, flanges, fittings etc. 


23.1 Following details are to be considered while preparing Alignment Sheets: - 


23.1.1 It is necessary to follow the piping symbols, shape and dimension in the Pipeline 
Alignment sheet also. 


23.1.2 Standard A3 Size Sheets shall be used for Pipeline Alignment sheets. 


23.1.3 Pipeline Alignment sheets shall be drawn with descriptive north the upper right 
hand corner of the Alignment sheets, unless otherwise requested by Customer. 


23.1.4 Alignment sheets shall be drawn showing all the lines in ROW, irrespective of 


size. 


23.1.5 Alignment Sheets can be drawn either as Area wised ROW in larger field like Oil 


Fields. 
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23.1.6 All Alignment Sheets should have well defined Match Line (ML). Pipeline 
Alignment sheets shall be drawn in Horizontal Scale 1:2500 and Vertical Scale 
1:250 and usually one Alignment Sheet represent one kilometer in the ROW. The 
Alignment Sheets shall be marked with Match Line (ML) with CONTINUES ON 
DRAWING (COD) on both sides of the drawing sheets. 


23.1.7 Separate Details sheets shall be drawn in case of Crossing or other detailing 
required along the ROW. 


23.1.8 The following detail shall be shown in each alignment sheets: - 


NATURAL GROUND 
b) Reference Level in meter 
h 


Ground Elevation in Meters 
Top of Pipeline Elevation in Meters (For Largest Pipe) 
Distance between Level Point in Meters. 
Surface Terrain Details 
Survey Reference 
) Directional Changes 
) Distance between |P’s 
k) Water Table 
|) Design Factor 
23.1.9 PIPE DETAILS 
a) SIZE,/ WALL THICKNESS / MATERIAL SPEC. 
b) CORRIDOR LENGTH IN METERTS 
c) EXTERNAL COATING SCHEME 
23.1.10 CONSTRUCTION DETAILS. 
1) CONSTRUCTION METHOD 
2) MINIMUM COVER IN METERS 
3) BENDS 
4) SPECIAL PROVISIONS 
5) PIPELINE MARKER POSTS 
6) CROSSINGS 


) 
) 
) Cumulative Chainage in KM 
) 
) 


f 


~~ 


a 
c 
d 
e 
g 


< — 


— 


23.1.11 Valves and Fittings 
23.1.12 Cathodic Protection Installations 
23.1.13 SUB-SOIL DETAILS 


1) SOIL RESISTIVITY (OHM-M) 
2) SOIL STRATIFICATION 
23.1.14 In the Right hand of the Alignment sheets the following details can be 
furnished: - 
1) NOTES 
2) LEGENDS 
3) REFERENCE DRAWINGS 


23.2 In all Alignment sheets the ROW pipeline cross section as far as possible shall 


be incorporated. This details shall be fully dimensioned, horizontally by length & 
vertically by elevations. In the case of Valve stations drawings the FTF (fitting to 
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23.3 


23.4 


23.5 


23.6 


23.7 


23.8 


23.9 


23.10 


23.11 


23.12 


23.13 


23.14 


23.15 


23.16 


23.17 


fitting) dimension shall not be used. Deviations shall be taken based on 
Costumer requirement. 


Avoid duplication in dimensioning. 

When some dimensions or tag numbers are used repeatedly the word (TYP) 
typical can be used to avoid repetition. Care should be taken to avoid 
complication by writing (TYP) when same item of different sizes are involved. 


The dimension text shall be written parallel to dimension line. 


The reference ML location for starting & ending of each Alignment sheets shall 
be clearly identified by Match Line. 


For all Crossing Like Asphalt Road, Rig Road, Gatch Road, River or Stream, 
electrical cables, FOC, Above ground and Under ground Pipeline, Over head 
electrical Crossings are clearly indicated with co-ordinate and the type of crossing 
and the required details which is essential for execution. 

Pipe elevations shall be from the top of pipe only and is referred as Cover Depth. 


All the IP point and angle of turning of pipeline shall be marked. The routing 
shall be done to avoid all acute turning to avoid trimming of Hot Bends 


For all Piggable line minimum 5D bends shall be used for easy pigging. 


For all piggable line the big size branching shall be of Barred TEE Fittings to 
avoid Pigging problems. 


The pipeline thickness change if any along the ROW shall be shown in the 
Alignment sheets clearly with co-ordinate marked. 


When a Pipeline passes through a Valve Pit or Valve Station Elevation of floor , 
support elevation of valve shall be marked as POS elevation. 


If the road crossing casing pipe end is caped, Low point drain & high point vent 
shall be provided as Typical drawings for Road crossing. 


Open cut road crossing shall be marked in Alignment Sheets in consultation with 
clients. 


For Temperature instruments, Pressure instruments, Pig signalers, indicates the 
size, rating & end connection and the tag numbers. 


Pressure gauges & temperature gauge to be located to the centre line of their 
tapping point. 
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23.18 The following special information boxes shall be filled in, and if not applicable, 
shall be crossed out, insulation type & thickness, painting class, flexibility 
temperature, tracing temperature, tracing media and stress relief. 


23.19 The other boxes in the Alignments Sheets in the reference column shall also be 
filled in. Flow sheet reference, reference drawing number, design temperature, 
design pressure, test pressure, fluid. 


24. Bill Of Materials 


24.1 


24.2 


24.3 


24.4 


24.5 


24.6 


24.8. 


24.9 


24.10 


24.11 


24.12 


24.13 


The Material Take Off for each Pipeline is to be taken. The Valve and 
fitting shall be taken from P& ID's for the MTO and cross check with 
Alignment sheets. 

All the pipeline length shall be measured from alignment sheets. 


All the Hot Bend and Cold Bend shall be taken from the Alignment 
sheets after measuring the exact angle. 


Crossing Listing for each Pipeline shall be taken from Alignment sheet 
and bend requirement shall be checked for each crossings 


Entry of Out of Specification Items to be made separately, Indicating 
their Specification on the Top. 


B.O.M for support shall be taken separately under the heading ss 
Supports” ( if any.) 


BOM for casing pipe for Road crossing shall be taken separately. 


The Tag Numbers of the Instruments & Special Items to be indicated 
in the Tag Number Column. 


Pressure Rating is indicated by their Schedule of Pipe thickness for 
Pipes & Butt weld Fittings. 


The Description of an Item such as Type, Facing, Class, Rating, End 
Connection, and Dimensional Standard to be marked in the BOM. 


Material Description for each Item can be obtained from the piping 
Material class or Piping specification. 


The number of pad requirement ( if envisaged in the design) to be 
indicated in the BOM highlighting the Pipe Material , Size & Thickness. 
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25. 


Issue Of Alignment Sheets 


25.1 After review and signing off, the Alignment Sheet shall be released for (IDC) 


25.2 


internally to the following department. 


Piping Mechanical 
Procurement group 
Process Group 
Instrumentation 


aMow 


The construction issue of Alignment Sheet to site shall be only after complete 
Review (Technical Audit) and incorporation of any comments. During the Review 
all comments shall be marked in red in copy of isometric. The correction will be 
based on this. 
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